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x ABSTRACT 

PROBLEM TO BE SOLVED: To improve the field effect mobility by forming an 
active layer so that its grain boundaries are oriented in substantially one 
direction and formed as a crystal structure of aggregated acicular or 
columnar crystals approximately parallel to a substrate. 

SOLUTION: The configuration of an active layer is important. At 
crystallizing e.g. acicular or columnar crystals grow approximately in one 
direction to an Ni-added region 302. An island like semiconductor 304 is 
configured to arrange channels and the crystal grain boundary of the 
acicular or columnar crystals substantially in one direction. An a 
post-process, it is heat-treated in a halogen atmosphere to remove a metal 
element e.g. Ni in the active layer to reduce the Ni concentration to 
1X10(sup 16)-5X10(sup 17) atoms/cm (sup 3). The standard deviation of 
the S-value showing electric characteristics of a TFT can remain 
within-10mV/dec in an n-type and within 15mV/dec in a p-channel type. 
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p^r^;i/S<oTFT^jjr-5^e.«B (#n» -r 

[0 0 7 3] JLOTIfiCiJUT. »jMtC^tt«JWRttI 
Stlfc V-**Wt 116tKW >«« 1 1 7 

n*. 

[0 0 7 4] IW*£'J>»£fl!«£Sfi£Lfcfi 
8£fflV>T, £7LKtt'0lft«nM3!t L 1 3£j§ftfi<]fd& 

0t>ttK-X*Tt>oTfrfcfcft«. (H2 (C) ) 

[0075] rat. v-*flwui6. k u-r >ffiw 
lis. ii 9*«wj«sn*. bwi 1 5 

«7<7) 1 2 OT«S*i««HgWtgE«#«c?r*;WB 

Jj£$fi££ft5. 

[0 0 7 6] ft*, ?+*;WBJ*(IWl 2 ot KP-r > 

ffiti 1 7i<cwicE(i$n^ffiigT««5««i 1 9 

(iftlCLDD hK-/h*K>««) ««<!:5?« 
ft. ?**JWWJMWtl 2 OtKM'lHIWtl 1 7£0 

[0 0 7 7] ?**;WBflH!Mtl 2 0 OKSlCtt 

E P B i V>o fcTOMftegfti Lft V>7 > K- 
[0 0 7 8] 3 SC. ±IE«)5Ftt«|-f ^->CDftAXgCD 

[0079] St. **{kfflg«oo ~35o toga* 
HMSiS-fsfcw-e**. c©is*ffft^<i:gtts+»c 

te I x!021atoms / cn3 gj-p, ff£L<fi lxi()I5~ 1 
xio21 a toms / cm3 ajRgTTKS^SsjaaftS. 
[0 0 8 0] C5LTH2 (C) KjR-«**WtSftfc 

&rcffmf&Mti 2 uaarr*. sngjigg 1 2 1 

XK. «^a*ttttWKK. Sfctt-t-tteafltafltJUt 

Tfe-oTmanS. (0 2 (D) ) 
[0 0 8 1] *«tt«B«T**#'J-f 5 K*« 



[0082] nmieiuRi 2 la^^h*-^ 

OJBfifcfcfrK V-*l!ffi 122iKW >S<8 1 2 3 
S5C3 5 0tro*3SS?fflg.*l;:£^T 
»HMDa*ff5ii:K:«fc?). X^ftflMcXffcSfru, 
0 2 (D) C:;rcTTFT#5MT5. 
[0 0 8 3] 02 (D) CjfcTTFTfJSl9i0fc»St> 

£'><z>£ M • itwi^jn^-s c trm'g.FJimvT f t«® 

tTSJLittSXT**. 

[0 0 8 4] ^ ifti£0)&Kgt£JI 1 1 0 £jBfitr 

>e«)Eii*«5T**aB&t:onTawr-6. 

[0 0 8 5] *&!fifl*X;]iLfc«£. «H**fctttttt 

A#iMiAftT&£fti £ s ^ K*i«rr •& z. t tmn 

[0 0 8 6] CCTflttW]B*#r«»>±CffittM4 
®J&Lfc-XflS4*l*H3K:;ST. H3ICiRTW{i. 7? 
f-4 7i V U ^^a«*aw«B*^«T-BC*fc-aT 

S»3 0 i±cvMJ**«Kieifs*ifcSttJiTa 

[0 0 8 7] ftfc. 3 0 2 0*ttrSSttS*WJ=y 

y;u$:ji^e<]tc#A-r5fe46(7)0^#ftL^«^r5 

[0 0 8 8] **Jfi«TSSLfc?a-C|iftft*?f 
2(C»LT«tKSaft^(6j (HtCfe^T^EPTSaft 
[0 0 8 9] SEoT, E3ro«HSW¥#«:3 0 4 *E 

L4»t>. =y*-;W(saHIIW3 0 2 t«R3 0 l«3i»^6 
[0 0 9 0] CWfilftmtTSi:. ?^^;^f6]ctF 

«* fe«tt«isaoM^f6] i ^-ar s c i c ft 4 . 

TFTOStt»<l:UT«tgr5SRlC. ■fr-t^ 

Coo9i] w±ocii±. 
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[0 0 9 2] BP^. H3ittJM©8A-e#*.SiffittlB 
3 0 4£9 0° IHEStf;fc«£fc#*.SftS. *<M§> 

[0 0 9 3] d^T. *SttE«l38£-3T*»H#5*W 
KL£02 (D) ^3ttS¥9ft£B0«&ft&$B 
4C*T. 0 4 (A) teN^r^STFTCDlfv^tt 

(Id-Vg fjft) . 04 (B) tiP^Y^MTFTcDl 
a»tt**UTV»4. fcfi, Id-Vg »tt*^r^5 7tt 

[0 0 9 4] Wftrovcay-f htEI.' Jttttra I Dti 
y-^/Hu-f >w*ttn5mMiT*4. 40 

1. 4 0 3T^$n-5Id-Vg #14 (Id-Vg ttft) fih'k 
1'>&EVD= 1 VCD»#CD#t4£^U 4 0 2. 4 0 4 



Tjk $ ft -5 1 d-Vg fftt it h* U -f >1E V D = 5 V COKJ CD 
8te£7KLT^3. *£. 4 0 5. 4 0 6 & I-* >H 
EVD= 1 VCDB$CD'J-^^3jE^LTH-S. 

[0 0 9 5] fcj3. *7$[i$ (H4 (A) TtilV 64 
T. 04 (B) Ttt-lV Bl±) CD K U-f >^Sit Ooff) 
t. *>*J:tf*7*«0)'J-Jrt|ai:iG)tt. I 
x 10-13 A (jffiTFiBSW etTT*4©T. 0 4 

(A) . (B) TI4/-fXifi3$ftTL*-3Tl>*. 

[0 0 9 6] CCT. 04 (A) . (B) I^Sft«« 
a«rtt^6*»fc. **§8CJ:4TFT©«afl<I^«rtt 

o. «2«P5 L r*;i'STFT«)*a«ftt (ffisoao.* 

[0 0 9 7] 

can 

(SingleGate) 



JDK« 


(VD-1V) 
(VO-5V) 


<VO- SV) 




(VO-5V) 
.70-1 V) 




lomoe (VO.SV) 


/VO-1 V) 




maVd 


>G„Ofl(pt| 
(VO*tV> 
fVG. 5 VI 


{VO-1 V) 
(VG-8V> 




(VO-l V) 
(mart 


Point 1 


68.51 


206.30 


1.00 


3.30 


7.84J 


7.79 0.06 


82.66 


160.91 


226.64 


0.20 


-0.40 


Point 2 


72.80 


218.05 


0.78 


3.65 


7.004 


7.76 0.12 


71.10 


171 .21 


245.00 


0.10 


-0.C5 


Point 3 


74,35 


\ 221.351 0.45 


2.65 


9.22 


7.92 0.05 


88.92 


170.60 


246.94 


0.15 


-0,15 


Point 4 


62.61 


' 201.701 0.40 


2.15 


9.19 


7.97 -0.13 


79.60 


141.63 


197.88 


•0.05 


•0.25 


Point 5 


48.07 


151 2&\ 0.40 


1.60 


8.08 


7.98 000] 


95.12 


113.99 


153.26 


0.10 


-O.10 


Point 6 


74.00 


221.701 0.30 


2.45 


6.99 


7.9W 001 


84.31 1 165.85 


245.36 


-0.10 


-0.30 


Point 7 


55.X 


176.601 0.95 


2.65 


7.77 


7.79 005 


62.101 137.(9 


175.19 


0.10 


-0.15 


Point 8 


69.80 


208.05| 0.75 


4.35 


7.97 


7.86] 0.11 


75.081 163.49 


232.56 


0.25 


0.00 


Point 9 


60.91 


184.951 0.25 


1.95 


8.39 


7.9fl 0.02 


93.081 136.68 


202.16 


0.05 


•0.10 


Point 10 


60.20 


180.651 0.50 


2.15 


9.08 


7.051 0.01 


78.931 137.96 


199.16 


0.3O 


O.CO 


Point 11 


63.43 


1 95.45 i 0.40 


2.40 


8.20 


7.9l| -0.08 


73.77! 136.46 


210.12 


0.00 


•0.25 


PcinM2 


63.57 


193.451 0.45 


2.40 


8.15 


7.91 \ -0.05 


75.78! 140.50 


207.06 


0.10 


•0.60 


Point T3 


68.51 


211.451 0.40 


2.85 


8.23 


7.87I 0.011 78.62! 160.14 


222.11 


0.40 


•0.55 


Point 14 


68.78 


204.05 0.40 


no 


6.22 


7.991 -0.021 74301 148.21 


220.63 


0.30 


•0.50 


Point 15 


61.X 


185.95 0.45 


2.35 


8.13 


7.90f 0.05I 8125! 137.90 


205.02 


0.00 


•0.45 


Point 16 


68.70 


208.75 0.35 


1.90 


8.29 


8.04| -0.01 


71 23\ 151.01 


227.97 


0.15 


•0.30 


Point 17 


68.18 


21 1 .50 0-40 


1.80 


8.23 


$.071 -O.08 


71-tOj 148.36 


223.84 


0.30 


•0.60 


Point t8 


63.92 


197.50! 0.40 


1.65 


8.20 


a.08i -0.101 75.64| 142.34 


205.03 


0.20 


-0.35 


Point 19 


68.07 


201.251 0.60 


2.70 


8.04 


7.87f 0.171 87-23i 167.03 


216.19 


0-2SJ 


.0.40 


Point 20 


70.37 


210.60 0.60 


2.05 


8.07 


6.011 0.021 79.041 162.28 


229.81 


0.20 


■0.30 




6&37 


200.0l| 0.51 


2.47 


8.13 


7.92J 0.01 


80.00| 149.79 


214.59 


0.151 


•0.29 




8.40 


16.971 0.20 


0.71 


0.16 


o.ioi 0.08 


6.76| 15.16 


23.19 


0.131 0.19 



[0 0 9 8] 



[*2] 
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Pft^TFTillSlS* (SingleGate) 



KM 


(VD» 1 V) 
<VQ-tV) 


(VO-3V) 




(VO-5V) 
(VO-1 v> 


tonfleft 


klVKlQ 


VtJVJ 
(VO> 3V> 






10.0**] 




{VOj> S V) 


(YO.TV) 
<natl 


{V0-1 V) 
(VO-BV) 


Point 1 


3007 


68.23 


9.25 


59.25 


6.51 


6.06 


-1.11 


8B.S5 


1 18 32 


119.60 


0.10 


0.00 


Potnt2 


38.67 


86.63 


2.60 


48.70 


7.15 


8.27 


•0.SQ 


8924 


131.38 


137.80 


I 0.05 


-0.20 


Point 3 


38.30 


85.97 


2.90 


73.23 


7.10 


6.07 


-0.96 


98.47 


133.57 


138.471 0.15 


-0.10 


Point 4 


38.63 


85.27 


3.35 


53.60 


7.04 


6.20 


•0.96 


87.55 


137.19 


140.001 0.05 


-0.20 


Points 


35.30 


79.59 


3.25 


39.40 


7.04j 


6.31 


-U4| 


77.67 


140.71 


142241 0.10 


-0.20 


Point 6 


35.72 


81.36 


2.55 


30.45 


7.15 


6-43 


'1.06 


73.61 


141.07 


141.781 0.10 


-0.05 


Point 7 


34.37 


77.74! 5.50 


73.60 


6.80 


8.02 


•1.10 


82£3 


135.15 


136.941 -0.05 


-020 


Point 9 


40.70 


100.42 


10.20! 107.26 


6.60 


5.97 


-0.77 


7328 


191.56 


147.90! 0.10 


0.05 


Point 9 


40.70 


100.61 


4.90) 45.00 


6.92 


6.36 


-0.78 


75.50 


131.83 


147.141 0.15 


•0.25 


Point 10 


32.89 


74.86 


5.75I 132.05 


6.76 


5.75 


-1.10 


84.48 


127.76 


129.801 0.15 


aos 


Point 11 


37.07 


88.45 


4.30I 67.45 


634 


6,12 


-0.87 


78.54 


130.05 


137.45 


0.40 


-0.35 


Point 12 


30.52 


68.83 


1.651 37.55 


727 


6.26 


-1.15 


90.61 


120.82 


122.15 


0.50 


•0.30 


Point 13 


35.17 


78.92 


1.351 55.50 


7.42 


6.15 


-1.15 


85-68 


143.31 


143.82 


0.40 


•0.40 


Point H 


32.07 


72.71 


1.80 


36.40 


7.25 


6.30 


-1.10 


66.481 124.39 


126.74 


0.40 


■0.45 


Point 15 


33.36 


75.57 


S.G0 


120.40 


8.70 


5.60 


-1.10 


84J0I 131.58 


132.65 


0.40 


-0.35 


Point 16 


32.29 


75.10 


3.50 


47.90 


6.88 


620 


-1.01 


84.93! 122.35 


124.64 


025I 0.3S 


Point 17 


34 26 


78.83 


4.40 


64.35 


6.891 608 


•1.14 


8328 


141.58 


141.58 


0.66 1 -0.25 


Point 18 


31.01 


69.91 


5.40 


253.39 


6.76 


5.44 


-1.18 


97.07 


123.17 


125.46 


025! 0-50 


Point 19 


36.261 86,80 


5.80 


52.20 


6.80 


622 


-069 


79.86 


126.53 


134.64 


0.40) 025 


Point 20 


37.601 93. 11 


2507.90 


17345.00 


4.18 


3.73J -060 


89.54 


125.46 


136.94 


0.151 -0.30 




34.96) 81.34 


129 65 


937.03 


8.81 


5.991 -1 02 


84.38 


130.90 


135.39 


0.231 




3.00j 9.49 


559.79 


3682.36 


0.86] 0.58I 0,14 


6.94 


7.38 


824 


0.181 0.16 



[0 0 9 9] «1. «2t;*v>T«Cj£B"f^*.«tt. 
tf"7*Uv->3;H*«tt (Sffl. S-value) #60M00i 
V/dec ©IUlCiR**a/hS<. &fiK (tfE. ^fcfUx 
4) *><150 — 300cm2/vs «!:^5*CS»6T**V»itT 

[0 10 0] ^n^C0SIST-^«^OTFTT«l 
j43FHIEft«Tr*0. *SC*5W!CJ:*TFT*«|l» 
■±CfWbfcMOS FETCEB»r*«»6TiWt|gtt 
TFTT»*i<!:*IEWL.TV>4. 

[0 10 1] *56WCJ:*TFTtt*#C 

•aTmBSftTH*. fcimCfiWaaWtsTSTFTtt 
J:*TFTtt*fl:t>4<, «»T»V»»Efftt**LT 
[0 10 2] Si. a2Ktt##£LT¥«J*fc 

8.3%. ±2 a<7)^l35. 4%, ± 3 a <Z)F*II39. 7S6#A 

[0 10 3] *H«««)TFTffft©» 
K*J:DiE«eiW«fc», 540fl<BTFT*»fc 

IS*. S<*<0^«5«t38a 5mV/dec(n-ch) . 80. 6mV/dec (p 
-ch)T*B. «¥<IM»3S. 8(n-ch) . 11. 5(p-ch) 
ft. Hit. SMAbu) 0¥^<1«194. 0cm2/Vs(n-c 
h). 13l.8«2/Vs(p-ch) t*9. S9IIim5(n-c 
h), 10. 2(p-ch) -?&r>fZ. 
[0 10 4] BP*. **BB*«ffll'fcNf-+*;uaTF 



T CSV >Ttt. T F Tfctt 4» 4 £ £ # 

(1) Stt0 0ttjHOflV/decHrt. 5f * L < (3SmV/dec 

(2) Sttft«0±30iV/dec&lft. * U < »380 ± 1 5nV/d 

(3) wFECO a «7!f*40cm2/Vs^f^, #*L< fBSciVVs 

[0 10 5] *^^IIl/tPft^;HTF 
TCSHTtt, etT»rjR-J-«ftTFT#ttt»*i<t*< 

(1) Stt©offl*<15aV/dec6lW, Iff $ L < f 33 OmV/dec 

(2) Slit** 80±45aV/dec&l*i. #*L< t380 ±30mV 
/decBtl*!KiR*4. 

(3) «FE<Z)a<l7M5cni2/Vs&l*J. jff* L < (330cm2/Vs 

[0 10 6] 6t±©*C. *J8WC±*TFTttSi6T 

-kCftBUfcMOS F ET0**«to!!3ftTV»fc*il:ttt 
jt&SRAMISBK>DRAMIg!B«. *aUM**&5<!: 

[0107] bm % &<n 
TFTflDft*ia«o**iE«i/Tv»**«. y^y-r 
h«a©TFT*-**icu:0y-f htiarti7^f 
y-r nijicTFTCjtfi/Tfeaffl-r*^^^**. 

[0 10 8] *fSE l3.et4MflilS.fltt 
<hTH^Tt4t)WT*oT. KtMljWffTlfiOTFT 

[0109] (**WT»6n«»JM»jS*i:iaT«a 
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co 1 1 o] a 1 1 ic^-rwi. mum i ©#fliT# 

A*^K©IIMlfc*T«**.fcK80T E M^JIT* 
[0 111] HI li:*t>T!BT*5«C, ISA4tiB 

io iTS$n?>R(*j) *«fiF*r*. LfrLtufiz. m 

1 0 IStTEMWTtt. »Aej«C-t0*iWEtt* 

[0113] 01 2 c*msfi«iifi#tt. #ak 

ammsam zftozt t» aks sot zm$k<t l . 900 
[oii4] a±«>«c^T»jai/fciBJitta3W)itt. 

HI 2 C*T»CH* <. **Mc#* 

[0115] 012 KSi^T. tSAtt 1201 ti*&H 
&&#1 2 0 2CJ:-3Tffl*nfctttttttoTV»«. ft 
?T, HS5IC01 2K*T8JWiift#*TFT0>iStt* 
£ LT#Jfl!T Si:. 7&JM&tt*l 2 0 2CcfcoT£-f 
* X*)U*- MEtf* + "J 7 ©#f) £ES L £ -3 . 

[0 116] -fl. 0 1 0 £w11KttttA4fifi*t*. m 
1 0CaST*C:. ISA&JM 0 0 2^«%6dEO«B>Jtt 
*fc-3TE*JLfctt*£*-3TV>«. tot, 
fitttt«ft«)l*j88C*v»T. *+'J7©IMfc*HS-r* 

[0 117] fc*. *38W#5*Wtt*fc»4fttt«ftO 
OJtt** 1 ~ 5 7Hmg.e>lAl8ST!mmLfi&%:. & 

[0 118] U*»l/tt««6*JW#6H:. £H*£fctttt 

ttBA©naR££ i; 5 * z. ©ttffttx*;i,*-A<j fc^ffi 
tt*T?*0, **Lf7©IM!i*tttf«lI©x*;p*--l* 
[0119] et±©*c. -jRWft^n-fe^-e«*fl:i/ 

fclSAttSXMttH 1 2 RjRTIftftttJIMi&t* U * 



V 'J 7©*»*«*«lC*JWJ^JW#tfT4fci&. 

[0 12 0] *£9ie£SI5Att3*llt 
(2H 1 0 C*11ft£ttAMifi&*U IISAttJIWIKK- 

ins. *+»j7tt«6B*an*ci:4<BArta 

[0 12 1] »C. *3HI!CJ:»Jf95ftSiH**fctttt 
ttfSAaftiT^t&tt. HO^^#CiEH-rsS# 
4»tft*»6 <»A#l6|*S;tfc#S) R-hHRB/im 

*. 

[0 12 2] *38eH#5ro«SljWELJtntf. *5WU;: 
<k68Att«aUW;J«Al*!»::*ir 'J 7 I- y v -ft ft 0 

n« £ < «r L k >»A4ft£#T « 5 1 * * 

*. 

[0123] (HAM 2 ) 43t&0Vf;i:jtfE«l lTSLt 
TFTTfcoTCMOSES&£^j£-f50JT&5. CM 

F T t P ? * T FTi W Cia*^fc*T«l 

[0 12 4] *HJfi«iJlCi3tt-5CMOS(HlS&©^SltlS 

m o s m teZMfc? % um&ati&w icn o fz * <d tr-ti 

[0 12 5] SriSM«iJ 1 tC^T^SJ^JffllC^oT. 5 
£££5 0 l±ICK<ta^lS5 0 2*fi)tJlL. -eco±(C 

x > ^rr « c i c =fc o n ? r * )vm t f t wgttjf 5 0 

3 t ?Tr *)VMT F TWSttB 5 0 4 1 £^/rr5. 
[0 1 2 6] 0 3. 5 0 4 ZWfcLtz h 

«gSK5 0 5«rfiJKL. $6CAny>5c***«f»ffl 

3«*«1 tHi;*»iT-6. I'jLT. SttS5 0 3. 

5 o 4itt.%w<r>&§kmi&#tfzK). mts;ms.t%-w 

[0 12 7] ^fC. »cy-f h«ffi©HM*«Jfi£T?>7 

7)W5X^A»©A^->5 0 6. 5 0 7 £$fifcf S 

X^(iJ^LTi5<) . 
[0 12 8] ;ioLT!2 5 (A) ©ttttjWi^n*. 7 
J^-^AK<0/^-/5 0 6. 5 0 7$^Lyi6. 

Wi«iin*©*fr-ct)-3T7;u5=^iao 

;^-> 5 0 6. 5 0 7 (C^TLSK 0>RAfiBKiUII 5 
0 8,5 0 9*»J5W*. *HM0TOCCO#?lHwr,g 



ffiKfc&5 0 8. 5 0 9 0>g&J33). 5 umttZ. 

CO 12 9] 5M6#]ltW*«)*frTfct)TJt 
ST^S&ffiSKrfcl&S 10.51 lflDJ&jfcfcfrS. fc 

2. 5 1 3t5?®ST-2>. Z13LT05 (B) 0#frR£ 

[0 13 0] 0 5 (B) 0ttJfc&<f§5*lfcS. f< MS 
1*185 0 5« h'^-fx-y^yffilCcfcrjx-v^yT 
5. JL©Xy^>*lSTH:y-f hSS5 12. 5 13 

&&z&?i%w.mmL<m 5 0 8 , 509 ? t 
9->ymz£?imt.<D®mt<tm5 0 8 . 509 

T£i:0 5 (C) Otf&ifcS. 
C0131] fcK. P?v*;i«TFT«|V»l»-r*C 
LTUv* hv*:7 5 1 4£JIMU Na*#41"** 
itt&iLTP (U» <(1r>*\*-\£>irt*. 
-tf>y«, »j£«B0KeV . K-Xltt l~ 5X1013 
atoms/cm 2 . $?$U<fiO. 5 — 2xto l3 atoms/cm 2 atom 
s/cm 2 Tfrfio. 

[0 13 2] C« I«-b!>yifijaJt»W»a«S*W 

v>fc». P'f*>*«tHLfcy'f nawitajii/TB 

14B5 0 3^ifT-6iiin«. 5 15. 5 1 

(C) ) 

coi3 3]*tc.E5 (D) cs-rj^cstfp-r* 

KeV iffiaiC&SU F-Xiai - lxiOlSatoms/ 
cm 2 , ff$L<«2~ 5xiol4atoms/cn 2 £© 
1808*. *jUrcP^*>a*il^Sftfc«K5 1 

7,51 8jw»j«an*. 

[0 13 4] 05 (D) CSrUlJMIITLfcBfjftTN 
?r*;VfflTFTO»ffii*9&aT*. IPS. N^r* 
;UfflTFT©V-;UMt5 1 7, HU-f^iMtS 1 8. 

eaa^««i«* (*fcttLDD«w 519. 52 

0. ^+*;Wg/£«»*S 2 laWtT*. 
[0 13 5] 0 6 (A) CSTi^CtftON? 

^^MTFT^I/y^ KVX?5 2 2 *»J*T 
'5. *LT. 0 6 (A) tC*-rK»CfiHTPSt^4 

[0136] iag<oB-r^->«)h*-if>y(ia]j$«E 

30KeV . h'-X3£0. l~ 5 x lO^atoms/cm 2 . JfSL 
<tt 0. 5~ 2xi0l4 a toms/cm 2 SSiT-S. ^©ISIC 
iiP 5 2 3, 5 2 4Tw$tl««WCB-f *>*«SyjD$ 

n*. (0 6 (a) ) 

[oi3 7] 2Si0B-r*>wh*-tr>yiijna«E 

5KeV . h'-XS£ 0. l~ 1 xiO'Sa tons/cm 2 . 
<li 2- 5x I0l4 a tons/cni2 SgtT-S. COXSir«fc 
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0 B^EB^ Sflfcfll* 5 2 5. 5 2 6** 

J&fi£$ft5. (0 6 (B) ) 

[0 13 8] GU©lOlE«fc0P7**;i»a!TFTOD7 
-X^«5 2 5. KI/-f>««5 2 6. <BME^«4fc« 
Jft (*fcttLDD««) 5 2 7. 5 2 8. 
««5 2 9jW»rr5. 

[0 13 9] 06 (B) lC*Tiao»78k. U 
S?Xhv** 5 2 2£B0llft*. fifi±ffiCU~ tf-tt 

[0 14 0] Jfclc. Jfffl*gj*Jl5 3 oaooo Arouse 
fiSST*. lW*g»K5 3 0 ttftfl:3*l)t. KfcSfcS 

xtcvd*. &cvd&. zt;>3-h«ftfflt»ntf 

[0 14 1] ^tcn>^i7 H*-^ro»jsRftfrlCN? 
**;i/STFT<BV-X*«5 3 1, Pft^HTF 
TOV-XMS3 2*Mt«. Hl/-f>*a 
5 3 3]iN?+*;iSTFT<!:P^**;tSTFT£T 
**T*«ft«riE <fc"f « dirTCMOS I3ftft<gg $ ft 
5. (0 6 (C) ) 

[0 142] kUtf)«£iig£gT. 06 (C) fCiST 
«KfiT**CMOSE**ff»r4^t*»T#*. CM 

[0 14 3] CCT07 (A) EjRTiiHSXH:. *§S 
il«ca-3 TfES LfcCMOS SB4ia*#fc* TSlJSt 

[0 144] £43. 07 (A) tC^T'J >?*->U-f 
ft«£T*CMOSE»<Dy-f Mt«*tt«.6 «mi 

[0 14 5] 0 7 (B) Ctt##tLT>'7hU 

v7.^(HS&(05fgS:^T. 0 7 (B) CSf->7M/-/ 

^^H»t4«llfWC»MH z HBt+MH z SS©^ 

[0 14 6] 'J>^>-l/-^Ill[Sa)^S^KS!c(i9. 
19. 5 lit (ft) roCMOSHlB$SiB?L^'J >?* 
•>U-^T385eL^.--5-(75iSg*. SS«E3~5V. 9 



[o 147] itierotttaaatcfMcaiTfMiLfc'j 

<!:*** UTV»4. l~5V0fcH-CMM£ES 

CO 14 8] eUKC&K, sMMHSfWl^fcCMOSB 

e> i$ s o >> - y ^mgiOTS*^ Asttts L/ t n*. 

[0 14 9] $<&K. f-r*;k&7!i0. 6 umt&sbT®. 
«fl:S*iTV»*Cfeft*)6r. **K0JK:jRl,fc«ft<i 

S^tt. *aWCJ;*TFTa**+*;W»JlC»£ 

coi5 0] t*.m<Dmft.fr*>mfrtim&) nmi 

fcTFTtt«»T*^ttl6 (SKHWWtt. *»E«r 
tt) **SUTV>*. £<0«ftK81MlM*ttS# 
l/CV»ft#5#fcE!iv»i«r»3«r«tt. IHOTEtitirJl 
ftfMk£**.*. *£T. *5KH#e»4*3SHCJ:4T 
F T AW JL n« £ KflHlT V » * j6» 

[0 15 1] #3?9i#btt, *5fflKJ:4TFT©»S 

[0 15 2] JtWliCtt. iMIHfcWEI*M , >«* 

[0 15 3] Blt*3:£i&*&. #2?9!t;:«fc5S£ifltt3 

<0*fi£**lfc l/TV J* £ Jift-lt*. 

(1) *+V7tf&mt& (*r'J7C<t^T) 

4. 

(2) *r'J7flMi»t«ilW1"4Xtt?+*;^l^ (V 

[0 1 5 4] tt-aT. ±iB2oro«fi£*«feT. JJMTT 
fttf+i- U 7lc£?T5WHeKttft*+*;W&Jfc*Wt 



#B3¥I0-I35469 

£T*;i£T*a«#ST*ft»'lfc4*ttaTFT*fts 
[0 15 5] Gl±©*/fctt. *4>«)*tJB*S>tTT»i* 

d iTPIfllO««feff* CI -5 COT ttft 

[0 15 6] *0>8JR, *3»I*6ttJE7r*;Ha*<0 
»*JI3»*Mft*j£Sffi*T*C5ofc. -CTtt-E-co 

*KMSSttK:*t»Tt3Jtliro«fflK:±i*fcfflT*-5. 
[0 15 7] JB?r*;WJMlit4. LtWitEcofg, 

v vb)V Mra©£fcftfc*W«*T**. fcClBIJBeft 

[0 15 8] *£-rt$ffl#6tt**H08fttt*fl>JM 
HCttELT. ^-^^JUSAO. 01-2 {imilOgft 
*;UTFTC*v»Ttt. f'r^WBriEiWtCtfLTA* 
«3i>t5»«MC^tt*flWl*Klt* 3 if, K H >n 
<D£2M<D£tf 0 SWtt-r « 3S*W# b ft 3 ijf» t, 

[0 15 9] £0«fc*j*tt}StM*H8CifcT«ft« 

^t-r-s^t-casT^si^xen^. as (a) c 

*V>T. 8 0 1 tt7-*««, 8 0 2 tt F L"f 
8 0 3tt^**;HBfil6!!MT*0. ^**;W»fi!t«W8 
0 3©*Cf4AftWC^IM)*«8 0 4#»J*S*V5. 
***;H»«K*8 0 3 f\ 7ffi«lilUt8 0 41^ 

^c^«8 0 5tt. iwwcKttftflwtT*9. *t'J 

[0 16 0] C^TS8 (A) EjRTflliStt, H 1 0 C 

bus. 0 1 oco i o o iT7RSft38S&i?tt0 

8 (A) <a*tt<8|£fi£8 0 4 irffl^ U H 1 0 <0«HK* 
^tttt««fttt08 (A) o*r'J7««lilft-r*«Wt8 
0 5C*BS-r*wr*5. 

[0 16 1] ^T. ^r*;H»J*««8 0 3l^(CEg 
Sftfc^tt1MWl8 0 4tt?Y*;WBj«««F«ilcH8l5flq 

[0 16 2] H8 (A) *A-A' T^KfLAcKlf 

®B*E8 (B) »^T. 8 0 ettSfigfcSMSrW-rs* 
*T*-5. E8 (A) 4B-B* T^WfLfc*fffi 
0*H8 (C) ir^r. 

[0 16 3] ft*, H8 (C) C*t»Tv»i.n(S3FiK«l 
flM8 0 4<7)«*aL, wpa,ntt*r 'J7*^flT4H 



(14) 



ftflBSFlO-l 35469 



wpa, i7)im#gro+r 'J T^a-r^^T^SCi:?: 
[0 16 4]fct. **WCJ:*TFT©*IR«)<* 

pa (wpa,a*l~m*Tttl*.£jf8*D) £ft\Lfc<Ttt 
[0 16 5] 

wFE= 1/ Cox (A I d/ AVg) • 1/ Vd-L/W 
^TCoxljy-f hBfcftSft. A I d. AVgitttl 
Ztl h* U-f >StfiE I d ty-f h€£ V g rafcfc*. V d 
BHH>IE. L. Wti-eft^ft?r*;U£i3<fctff- 

v*;MiT&*. 

CO 1 6 6] LfrL£#6. 3l2W]*^**JHH&a* 

»tv»*. bps, fi&so&figckOM^MiTWfsft 

TV>*i:#;L<=>ft*. 

[0 16 7] ?MMMt«H8 (A) CjRTfcft 
t*. 

[0 16 8] (yFE) (CCTttSsK 

R*flCi*) *<8**U7©«acJ:-3Tfc**tf. 

ft*. ^ft53i*»«b#t3T»rit3ft*±(Wl&iMUE 
ft*. 

[0 16 9] 
[ftl] 

-1 

[0 170] CflOftl-WRSftiatt. ^ftttfetMUE 

uifl, »?«a©»i*s»tfc«&©iwttttf i ( i« 

lattice «S%T«)- oaOt«J:CPFff4MRaoM« 
2Vtfc«#fl!)»WEtt i ( i^impurity *g*-T-2>) © 

na* <ttPF»E«i«att«-^ s ft*. 

[0 17 1] 
«2] 

-5/2 -3/2 

jui « (m*) T 

[0 17 2] 

-1/2 -1 3/2 

« ( m ») NiT 

[0 17 3] ;:fts©3tK:±*i. ^+ 
#fci«!-irw«i*tasanaftfctt«-ctt^i6««ao» 

s. a 1 2 esTHUfc©**. ««ttK:**MMWt*» 

J5fcLTV>*©T, *+U7JW»T**«Ctt*IMlJSt 



tKBSft-f. *i*'J7Ci:oT3IRMK:Ktt-C«*. 

[0 17 4] BUS, aHWCta3C*^T-f*>fl:L 
fc*M«©«*N i 5:11.0 £ < 0 Cffitfl** d t £.?J* 
T*fc». SIMEtfi Jilfi'3*<lilfi*Cifi^>TV>< 
CtCfc*. BUS. RlCiJ^Tl.'At i ©"SSJRS-f 
* JL *8ftC $ ** d t ££ 

*T* © Tr±*o»fi* « (218 0 ft < ftlMK « i 
HTVKiHMISft*. 

[0 17 5] 08 (A) C4Jlr>T^«»«W8 0 
4 r t fs. S&fcKS $ ftT v >* 

ciiia^T**. :oMitt, Hio»c*Lfc«- 

[0 17 6] CKO^ftESt *tt»flll*8 0 

4tt r&ft j tLTfiifcSt^fSSft*© 

t, *+'j7S«BW-*;ii:fc<. u-;n)«&sa* 
*i/T**-'j7ci«ii*m*aBer4iflt«sft*. c 

©Cite, *r'J7|ij±©aff£t::=fc*itSta©^S£te« 
**±TlMteJMfcllWtTa*. 

[0177] ait, &,±<D&temi8.t?zz\tr. 
stTisaft*. cft«5 i r^;Mi^Sw»c«<ftoit 

ft*. 

[0 17 8] Sfc. *M©«I;: )rV4 >W£2MWLff 

?IIE4#jt6ft***. rt>3-Z.)\>-m$LZ®m? ; £>Z.t 
T»ffi©ffl±i#Ctf7';*Uy->3;i'K«tt (Sffl) © 

[0 17 9] ^XUy">3;UK«rtt©|fiI±tt. 
*fflV»*iiTI«U'f >fllS2JiOi5»*flW*«i;* 

^ t * i v> 3*na» eeiTcatciftiSTS *. 

[0 1 8 0] 08 (A) -GfiTmtiLtLfcRiZ. 2ft*M 
CS2M©l£*««3A«P*aft*ft5tf. KH>«£2. 
■ Oi&»*fl«*'*IBC«i;*^<!:AtnItgTaiir-C* 
*. ftoT. 

a:urai**s<-e**£#*.sft*. sm 
sjwht *atti*©i£<KiCTa $ ft * . 

[0 18 1] 
[»4] 

S#ln10 • kT/q [1 +(Cd+Cit)/Cox] 



[0 18 2] *4Cis^T. k«^;p-yv>S5!c. Tli 

■ Cit*0C5ilEftH0i£^t*CtT. Ca =Cl< = 

0 <hft*aJSt(i<g. SI^Sffl7)60niV/decade 



f 



co 1 8 3] »4»aRsn«attstt*»air 

-5fc«!>roi£«?&9 . TFTTttiraiEflSKCfififcl" 
[0 18 4] tCST. *^^6Jtsa$n**«i^T 

[0 18 5] ft^T. X*;M*-IW*fl«rr*d:V>3 

gSft 6 tfP -f *>ftffl V»T^«**W*»fi!t-f ntf A 
[0 18 6] $&. ^FW^lffi®* P ^Ttfi B -f ^ 

*v>il»MftfTJMJ:£t>Wir»*. 

[0 18 7] K±0)*C. *«JiJtli*BJiliSTBH*T5 
JMB J:t»Hfc * 1 6 0** \Z 

[0188] (Hfig0J 3 ) *%^JTU&Iffl 1 CiR L/ 
fcft*lS 4 «SiJ(OIg«»J ft^T. Atttt KttSttff ft 
»*T*»C. 8*tta*BtK#LTAny>7E*ft# 

[0 18 9] sMUfiMCi^rxSftllffiffl 1 

[0 19 0] ifc. 700 TCftaA*llUIMMUcJ:oT* 

[0191] (gttfl 4 ] 44KMWJTtt££0lJ i \zm L 
C*Jtr»T. MWWU 1 lftfiWT*lSft«» 

Ttf»fcsftflrr. 

[0192] ^<oi»»)«anftjwifljic»LT. nm 
*ry-r ne«Rft«iisR-r4Jit««i(iET**. 

JI!«flailOBW»4ai!ll«Ulfl!)*fr Z. 4TT00 

~ 1 500 A (f&WKBSOO -1000 A) £>«HTHMT£ 
■6. 

[0 19 3] #WMttt«>*Ty'f MeftKftMjft-r«& 
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U KWft^-C««r«Ci*<H«*«^*^t». 
[0 19 4] ±ElBTWdESftfc««<kR05± 
CgMttCJ:OlfiaWftltliLT. *ftS©*IMtftfc 

y-r YM&.imtt%-h\ im<mt.%&i&z&%ykt 

[0 19 5] ±eiSft*l7C* («C = y*- 
«tT4itt>T**. JMMfcltftllfc£Lfc&. 

?sttJi±cjMiifecj:r3 ry-r ne«Rft»j«r*^t 
flEi"«A«-^tt«i©««ftfii(Ws ^<tarai«gT*« 

[0196] [*JS« 5 ] *5UM>n?tt. *89i 
LTf^SLfcTFTftDRAM Dynamic RondomAccess 

Memory) JiitfSRAM Static Rondom Access Memo 
ry ) C*fl!Lfc#JC?v»T8W!T«. SMRCKH 1 3 
ftfln-BCtiT*. 

[0 19 7] DRAM»4IB*f4««ft«»<tLT3> 

$nfcTFTt:<k^TfWf8ISnS. DRAMfflll?)^ 
^Ut^ftfcJfcTSTFTis^^tfralsISSftH 1 3 
(A) ICiKT. 

[0 19 8] 7-H«L 30 ICioTy-f hfi^ft4 
1 3 0 3TSSft*TFTtt*a«SR(!:4 
5. CWttttTTtfy h«l 3 0 2«*»63>'r>-9-l 3 
0 4 C««T*»*«anT«HBftK*jiA/«0 . 7tQ Ifz 
3 >x 6 tffifta 0 ffi L TltS ft Bt L 0 T 
5. WS. coa^^cMISftfc^flfftTFTi: 

UTOtMEft#T*C4Ctt4. 

[0 19 9] DRAMWftWilllro/^'Jftlf/STS 
*?***T F T 1 3 >x>-9"t*ttr^1t [r^=£^-<7)T. 
WWW*o*«ab« t'J ftUM&TSWKaLTu*. 

[0 20 0] T F Tftffl^TD R AMtA ft»/« 

T*sfc*6. ««JETr©Kifi!ft5iiEtr*w4.i«Tdr 

•5. 

[0 2 0 1] JHMWfU^tLTiBlftBtftfl^fe 
S R AMHSSftEJ 1 3 (B) CST. S*Jfli^* 
^tHSIClMEftTFTTWraSRAMWIigfti* 

[0 2 0 2] SRAMte7'J-y77n-y7'3S<7)#:~'S!H 
jlftlElta^lCffl^fe/t'JTftoT. SSSSB^O 
N - O F F & 4 MiO F F - O N <D 2 i: ~ ^ 



(16) 
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x2mmm <o*fcttn ttE*r*t>0>T*«6. t 

[0 2 0 3] 1 3 0 5T»Sft*0tt7-Kanr*0. 
1 3 0 6 ttK y h«T&*. 1 3 0 7 (ij95JgfaT«t/£<* 
nS&ffiS^T&D. 1 3 0 8TjRStt*J:'3fc2lft© 
h*7-1'Ah7>v7 t ^<i: 1 3 0 9T*$tt5=fc-5ft 2& 
© 7 h 7 > vT. 9 1 T S R A M >WllJ5!tS ft*. 

[0 2 0 4] K±©J:3fc«JST&*SRAM©«r« 

[0 2 0 5] CUM^J 6 ) *§SJS0JTfi. SlffiM 1 ©# 
##811*3 2 ©C MO S ea»4fflV»TPI-* 

SS, EC3bR36llfcfii<**ft.5. 
[0 20 6] ft£. n5?y^@*itt. RiZaEftglK^ 
3 > f- D-;n§iaMtO«C««3it^lI4m(ir*fc» 

WOTFT*MV»*itTrB-»R±C±T*-M:r 

[0 2 0 7] 3>hD-;HUSS&i«7 , nt-y9-[l 
K. *=e'JI3». ^ny^»4H». A/D (D/A) 
a >/t-*ES»0«^^ll4B»r *CiSRfc± 
ToBglHlS^trfeoir*. #JH. >€U0»ctt 

&I0I|5. 6TSSLfcSRAM@»^DRAMI3»!i^ 

[0 2 0 8] ^©J:5*«J«»C*?Ha»Tl!lwr*fW 
*afflr*4k. *tSft±C»lllibfcMOSFETCE« 

r*ttig**r*TFTT^oTn5?y^i3»*«idtr 

[0 2 0 9] 3lttW 7 ) sHIJIffTtSSftlffl 1 £Sfc 
*«itaTFT*tfsfir-50<l*jKr. RgCBH 1 4* 

[0210] rr. sqbm i iB«fi5ia *»th 2. 

(B) CiRrtt««l*. 0 2 (B) CjRn*»4flfc 

AS*frV», lM0A©)*3®IIWttMRfldR*ff«-. 
£©tt**H 1 4 (A) CjRr. 
[021 1 ] 014 (A) CJ3V>T. 1 0 1 fi5£g 
«. 1 0 2UTIM. 1 1 OttSttM. 1 I 1 ttfcfcy 

o ittr;i'S=?A*±jat#ir**f8Tfr*y-f m 
a, 1402 «y-r h«ffi 1401 zmmsut lt» s 

ftfc#*fc»WMIJlT* 

[0 2 12] JfcC. £©l#&TgttE 1 1 0C»LT- 

»***tf4r**iMHr>©ttA*frfr5. -tu 



4 0 4?WiM$ft-5. 

[0 2 13] TttHj^f r>©ffiA*q»7Lfc5. SftH 
UK 1 4 0 5 * 0. 5-1 « m0J*SCJ5flBtr*. 
S(i«Ei&cvD£. 7*5X^0 VDj£. •;/*£© 

[0 2 14] Z.0 LT01 4 (B) ©ttS-jWlSft*. 
014 (B) 0ttJfci<flSftfcS, 5fcCSfcJlffl|| I 4 

©1401 <wsjs(cw*sr. z.r> iTm$titz%<t& 
mmt^ h^*-;h 4 o 6 1 Lxmtetz. 
[0215] d©ps. fmim 1 1 1 tjy-f hsu^t 
*2<fcfcofc«*ixfta<^sftTHi 4 (o 

[0216] 014 (o esnflrcstfwwHr 

>©&A£frft5. K-XlH3fcg«Hr>ft 

R. W 1 4 0 6 ffllTfflf « 1 4 0 7, 1 

4 0 8tt-fr>ftA#fffcto*lfcl»©T. *»#Hr> 

©jS&CgfcfiftK L^L, «fflLfe*Wl 4 0 9. 
1 4 1 OI4S5CiB!«J[«)^F*E«-f r>A*ffiAS*l*-Z 

iKft-S. 

[0 2 17] £U:©«C2*B©-f r>aA*»T. V 
-^f«1 4 0 9, HK>I«1 4 1 0i3=t^'V-X 

« (LDD«*S) 1 4 0 7, 1 4 0 8iTOnii. ft 
is. y-f hlffi 1 4 0 1 ©itT(J7> K-T'ft^TA 

•3. ^r*;wKjst«wi 4 1 1 ifts. 

[0 2 18] GU©l8**Tia 1 4 (C) ©tt<g?W# 
6ft£S>, 300 A<7)J9£00SLft^*>R£/£iit 

IC£SM&&S£frft?££T7-X8il£l 4 0 9. K 

i"(>mt8.i 4 i o©gffiir^^>xu-t>--r h 1 4 1 

2, 14 1 3£flMr*>. (0 I 4 (D) ) 
[0 2 19] ftfc, ±ElS»i^>fll©W3 0JC^> 

[0 2 2 0] ^CC. I^WWI 1 4 i 4tiTm<t&m 
K*5000A©(?$irfitKL. V-Xtffil 4 15. KU 
-f >SS 1 4 1 6 ft»j£r*. -^LT014 (D) (C 

jRr«js®TFT«^j«r*. 

[0 2 2 1] *5B»«"Cwr*Jfi«)TFT»4, 7-X.' 
KU-f >«»6«^>->U-y-'f K 1 4 L 2. 14 13$ 

^Ltv-x/Kw >««t&ffir3coTWft*- 

[0222] 8 ) *mmintnmi l 
«iW]7i:jift4«awTFTtfp«r4W*sr. m 
mam 1 5*fflv>4. 
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[0 2 2 3] st. $n&m i tm&<nT.m&m-c® 2 
(B) ic^-rwug^s. tt*u T&mwvttm h 

««©#&<»; LT#*tt*ft4LfcBfttta«R*JB^ 
•5^ titS. ;L©tK&£015 (A) \Zmt. 
(0 2 2 41015(A) C£HT. LOKJ53IS 

«. 1 0 2\$Ttm. 1 1 oiig&s. 1 1 laacy 

-f HW«iLT«IET4IRlMUrT?*S. St. 1 5 

o i imfk&mm®. <# u •> u a >«> rfc-sy-r n 

[0 2 2 5] *C. ClWlKJiTfittJi 1 1 0C»l/T- 

T. £©^*>ftAIg K£0*«#l«iai 5 0 2. I 
5 0 3MB«S*l«. (H 1 5 (B) ) 
[0 2 2 6] ^««-f*>©ffiA*«7Lfc5. 

0 4 

[0 2 2 7] -5-l/T. f-f K')*-JH 5 0 4SML 
fcS. S^«#H*>©ftA£?T£?. 6lt©2*© 
-f*>£A£i&T. V-XUS1 5 0 7. KU-f>*l* 

1 5 0 8, fflUETMMU* <LDD*WD 1 5 0 5. 

1506. Tx^mtimyLi s o 9*q»aaft«. 

[0 2 2 8] £U:©Ig£«T0 1 5 (C) 
e>ftt<=>. 500 A®J13©IBjRL*H$'>y;*7 l >»fc 

tUT, *>yXr>IBI*lfc£Lt&. 5>^7=-^ 
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